Background: Ankylosing spondylitis (AS) is a chronic inflammatory disease that primarily affects spine and paraspinal soft tissue. Ankylosing spondylitis is one of the causes of osteoporosis and patients with ankylosing spondylitis tend to have spinal fractures due to limited mobility and osteoporosis. In recent years, due to the increase in the number of patients with AS, patients with AS and thoracolumbar spine fractures have gradually increased. In the past 1 year, we have treated 3 cases of AS with thoracolumbar spine fractures via simple posterior internal fixation and this paper aims to report its clinic effect. Case presentation: All the three patients selected had a history of ankylosing spondylitis for nearly 30 years, and one of them developed a thoracolumbar spine fracture after falling when he walked, and the other two developed a thoracolumbar spine fracture without any reason. They were hospitalized for "low back pain" and were diagnosed as fractures after careful physical examination and imaging examinations such as X-ray, CT, and MRI. After the preoperative preparation was completed, all the three patients underwent surgery with simple posterior internal fixation-reduction of the fracture and pedicle screw fixation via posterior approach. All the implants-pedicle screws and connecting rods-are made of titanium alloy. For postoperative management, we asked all the patients to stay in bed for 3 weeks after the operation, and then slowly move down with the help of crutches. Fracture healing and neurological function recovery were observed postoperatively. All the three patients recovered satisfactorily after surgery, and the follow-up confirmed that the fracture healed successfully after 3 months. Conclusions: The 3 patients included 2 men and 1 women. All the 3 patients recovered well after surgery, and the follow-up confirmed that the fracture healed successfully after 3 months. One man developed urination dysfunction after operation and recovered to normal 3 months after rehabilitation exercise.
Background
Ankylosing spondylitis (AS) is a chronic inflammatory disease that primarily affects spine and paraspinal soft tissue. Chronic inflammation and new bone formation lead to pathological remodeling of the spine [1] . In the late stage of ankylosing spondylitis, ligament calcification at the edge of the spine and bone fusion between the vertebral bodies make a "bamboo-like spine". This "bamboo-like spine" is less active and less elastic; and osteoporosis is usually associated with ankylosing spondylitis, making the spinal prone to fracture. Kyphosis, another characteristic of AS, usually results in a limited field of vision, a reduced balance, and an increased risk of falls and fractures [2, 3] . Usually, a minor trauma, even no trauma, can lead to a spinal fracture [4] . The bamboo-like spine tends to form the characteristics of long bones, which makes the fractures of the spine unstable, similar to the characteristics of long bone fractures. Thus, the risk of spinal cord injury increased after spinal fracture with AS. Therefore, operation should be performed in time to reduce the risk of spinal cord injury [5, 6] . However, because of calcification and vertebral rotation, the anatomy of the vertebral body in patients with AS is not the same as normal, which leads to the difficulty of pedicle screws placement. The risk of operation and postoperative complications in patients with ankylosing spondylitis is much higher than that in normal people [7] [8] [9] . Ankylosing spondylitis with thoracolumbar spine fractures is not very rare, but we have treated 3 such patients, two of whom were completely unhurt, and suddenly suffered from low back pain without a reason. After the CT and MRI examination, it was found to be a fracture. Here we want to report the development of these three interesting cases and the effect of our treatment.
Case presentation
We retrospectively analyzed 3 patients (two men and one woman) with AS and thoracolumbar spinal fractures who underwent surgery in our hospital between 2016.03 and 2017.03. All the three patients were hospitalized for "low back pain" and were diagnosed as fractures after careful physical examination and imaging examinations such as X-ray, CT, and MRI. PE: There is tenderness in the lower back of all the three patients. All the patients fulfilled the modified New York criteria [10, 11] for primary AS and all the three patients had a history of ankylosing spondylitis for about 30 years. After hospital admission, CT, MRI, X-ray were taken and all HLA-B27 were detected to be positive. And the fractures of these three people are all type IIIB according to the Dennis classification. One male had a history of falling down before admission, and the other two complained of no history of falling down or any other trauma. According to the American Spinal Injury Association (ASIA) grading system, the spinal nerve function of the man who had a history of falling down was classified as class D, that of the other two were classified as class E (Table 1) .
Of the three patients, the first patient was a 63-yearold man who had a fracture after a fall and the fracture was between the T12-L1 segments. On MRI and X-ray, there were obvious fractures between T12 and L1, accompanied by displacement (Fig. 1) . The patient did not have any symptoms of neurological deficits before the fall, but the muscle strength of the right lower limb decreased after the fall. After comparing the images of MRI, we believe that the right lower limb muscle strength decreased due to the spinal nerve injury caused by the dislocation after the fracture. After X-ray, the position of the pedicle screw on the right side of T11 was found to be not ideal, and the patient developed urinary dysfunction after surgery. After our discussion, we found that the risk of the second operation was too high, so we only gave him 2 weeks of neurotrophic therapy and bladder function rehabilitation exercise (rehabilitation exercise is done by a dedicated rehabilitation center). Our follow-up found that the patient's urinary function returned to normal at the third month after surgery, and the muscle weakness of his right lower extremity recovered 1 year later. The second patient, a 51-year-old woman, suffered from a fracture without any trauma. The fracture segment was between L1 and L2. On CT, obvious calcification and osteoporosis can be seen and fractures occur in calcified soft tissue between L1 and L2 (Fig. 2) . We performed posterior pedicle screw fixation for T11-L3. She recovered well after the operation, and the fracture healed at the 3rd month after the operation. The third patient was a 56-year-old man who had a fracture without any trauma. The fracture segment was between T10 and T11 (Fig. 3) . Preoperative CT showed slight displacement between T10 and T11 and the main site of fracture was calcified ligament between T10 and T11. We performed T9-T12 posterior pedicle screw fixation on him, and he recovered very well.
Surgical method
All the three patients underwent simple posterior pedicle screw fixation surgery after correcting hypoproteinemia. The patient was placed in a prone position after general anesthesia was administered and then conventional disinfection and draping were performed. A Carm was used to position and mark the diseased vertebra, and then make an approximately 10 cm long surgical incision centered on the diseased vertebra. The skin, subcutaneous tissue, and muscular fascia were stripped layer-by-layer until we can see the articular processes and vertebral lamina. Thereafter, insert the pedicle screws in the diseased vertebra and at least two upper and lower segments, then install the orthopedic round stick, and slowly reset the diseased vertebra. It can be seen that all three patients had obvious soft tissue calcification and vertebral bone hyperplasia, and the intervertebral space was very narrow. These factors made the placement of pedicle screw very difficult. For these reasons, the position of a pedicle screw in one patient was not ideal. A C-arm was used to determine the position of pedicle screws and the effect of resetting. Then, fully flush the surgical incision, place a drainage tube on each side of the incision, and suture the incision layer by layer. All the 3 operations were successfully completed.
Post-operative management
We asked all the patients to stay in bed for 3 weeks after the operation, and then slowly move down and walk with the help of crutches. The man who developed urinary dysfunction was given 2 weeks of neurotrophic therapy and bladder function rehabilitation exercise. All the three patients were given routine post-operative care and treatment, including fluid and electrolyte regulation, blood pressure stabilization, and correction of hypoproteinemia and anemia. VAS scores were recorded before and after operation.
Outcome
One patient developed urinary dysfunction after operation while the other two had no postoperative Fig. 1 The patient had a 40-year history of AS and was admitted to the hospital due to a fall. a Preoperative X-ray shows an obvious intervertebral bone bridge made a "bamboo-like spine", and the fracture end is obviously displaced. b Preoperative MRI also shows the fracture end is obviously displaced. c-d Postoperative X-ray shows the second pedicle screw on the right side did not meet the ideal position, resulting in the urinary dysfunction after operation, which recovered 3 months after discharged. And his neurological function was improved from degree D to degree E 1 year after surgery complications. On the third day after surgery, X-ray showed that the patient with urinary dysfunction had a pedicle screw that did not meet the ideal position. The remaining two patients had satisfactory pedicle screw position and good resetting effect (Figs. 1, 2, 3 ). All the patients were asked to return to our hospital to review an X-ray in the 1st、3rd、6th month after discharged to determine whether the pedicle screws were loose and Fig. 2 This patient had a history of AS for more than 36 years, with severe kyphosis. He was admitted to the hospital due to low back pain, without any obvious trauma. There was no spinal cord injury before surgery. a-b Preoperative X-ray shows a severe kyphosis. c Preoperative CT shows obvious vertebral calcification and osteoporosis, the fracture position was L1/2. d Preoperative MRI shows significant signal changes between L1/2. e-f Postoperative X-ray shows satisfactory pedicle screw position and good resetting effect check the healing of the fracture. All the three patients were asked to come to the hospital for a review every month in the first 3 months, and then every 3 months thereafter. And every month we call to inquire about the patient's current status. After surgical treatment, the fractures healed in all patients, and other surgery-related complications were not observed in the follow-up period. The patient who developed urinary dysfunction after surgery recovered in the third month after discharged, and his neurological function was improved from degree D to degree E 1 year after surgery. For the first patient, the preoperative VAS score was 6. At the first month after operation, the VAS score was reduced to 2, and at the third month after operation, it was reduced to 0. The second patient had a preoperative VAS score of 5.5, which was reduced to 2 at the first month of follow-up and 0 at the third month of follow-up. For the third patient, the preoperative VAS score was 5. The VAS score dropped to 1 point 1 month after the operation and to 0 point 3 months after the operation.
Discussion and conclusions
With the progression of AS, the two major pathological features (chronic inflammation and new bone formation) continue to occur in various segments of the spine, and the calcification of the vertebral and paraspinal ligaments will become more and more serious. In the later stage of the disease, the "bamboo-like spine" is going to form a long bone-like feature and this feature will make Fig. 3 This patient had a history of AS for about 38 years, with severe kyphosis. He was admitted to the hospital due to back pain, without any obvious trauma. There was no spinal cord injury before surgery. a Preoperative X-ray shows an obvious severe kyphosis. b Preoperative CT shows obvious vertebral calcification and the fracture position is T10/11. c-d Postoperative X-ray shows satisfactory pedicle screw position and good resetting effect the spinal fracture unstable and easily affect all the three columns of spine [12] , which is easy to cause spinal cord injury [13] . Patients with AS are often accompanied by osteoporosis in the later stages of the disease [14] , and spinal fractures can occur without violence or with slight violence. Patients with AS are often accompanied by kyphosis, which make the patients' center of gravity tilted forward, thus the patients' balance ability will decrease, as a result, it will increase the risk of falls, and reduce the patients' ability to self-protect during falls [1] . All these factors can increase the fracture risks in patients with AS. Some studies have reported [15] , the incidence of osteoporosis in patients with AS for the past 10 years is 25%, and the incidence of spinal fracture is about 10%. The stress on the thoracolumbar spine is usually larger, and the incidence of fractures in the thoracolumbar segments is higher [16, 17] . Our study, through long-term follow-up of 3 patients with AS and thoracolumbar spine fractures, found that simple posterior internal pedicle screw fixation surgery has a good effect on such fractures. During the follow-up period, no obvious postoperative complications, such as pedicle screws retraction, broken nail, loosening, nonunion of fracture, were observed. All the three patients successfully recovered to the state of life before the injury.
Fractures are always difficult to be found in the early state in the patients with AS [18] , especially those with no obvious trauma. Because the pain in the early stage of the fracture is difficult to distinguish from the inflammatory pain of AS, and patients always tend to choose to stay at home rather than go to hospital for an examination, especially when they have no obvious trauma. When going to a hospital, patients always take an X-ray first, but X-ray is a 2D picture and it may sometimes miss some fractures that have no obvious displacement. After ossification of spinal ligaments, the ossified ligaments can also be "fractured" [19] , and this "fracture" is also one of the important causes of spinal instability and continuous back pain. X-ray is difficult for early fracture diagnosis while CT and MRI play a very important role in the diagnosis of fractures [20] , and MRI can show the signal changes of the spinal cord and the volume of the spinal canal. The contents that MRI delivers will be an important indication to determine whether the laminar decompression is needed.
Surgical treatment should be performed as soon as the spinal fractures with AS is diagnosed [21] . Although surgical treatment also has certain risks of surgery related complications, the risk of non-surgical treatment will be greater [22] , so unless the risk of surgery is unacceptably high, it is generally recommended to perform the surgery treatment as soon as possible. For patients with AS have poorer bone condition, the time that conservative treatment needs will be longer than normal people of the same age need, and the risk of the complication of bed rest is greater, so conservative treatment is not recommended. Some scholars have reported [23] that surgical treatment can significantly improve the survival rate of patients with spinal fractures in AS. Westerveld et al. [24] pointed out in their meta-analysis that timely surgical treatment can improve neurological function and reduce the incidence of overall complications.
Ankylosing spondylitis with spinal fractures can be performed with simple anterior approach, simple posterior approach, and anterior-posterior approach. Both simple anterior and simple posterior approaches are single-cortical fixations, similar to long bone fractures. Because of thoracic and abdominal organs and large vessels in front of the spine, anterior surgery is more difficult [25] , and the holding force of the screw in the anterior approach is always insufficient, so the anterior approach is mostly used to restore the front column [26] , especially when the front column of spine was severely collapsed and difficult to be restored by posterior approach. Anterior and posterior combined surgery has the advantages of the best reduction and the most powerful holding force, but it has a large trauma, a long operation time, and a high risk of complication for elderly patients with poor basic conditions, so the anterior and posterior combined surgery approach is not wildly used actually [27] . Young patients with good basic conditions and severe fractures in all the three columns can try the combined anterior and posterior surgery approach. Simple posterior surgery is the most widely used method currently [24] . Most people choose the simple posterior approach because this approach, by inserting pedicle screws, has a powerful holding force, a good effect on reduction and good postoperative stability. Most importantly, it has less trauma. Because kyphosis deformity is common in the late stage of AS, the posterior column is the tension side, and the anterior column is the pressure side. With reference to the experience of internal fixation of the extremity fracture, the internal fixation is more stable when placed on the tension side [25] . This is also one of the reasons why the simple posterior approach is accepted by more people. Bredin et al. [28] reported a percutaneous surgery that also achieved good clinic effect for patients with ankylosing spondylitis and spinal fractures, and this method further reduced surgical trauma. All the three patients included in our study were treated with pedicle screws internal fixation by simple posterior approach and the follow-up results showed this approach had a good clinical effect on spinal fractures with AS. Kurucan E et al. also found that the best surgical method for thoracolumbar fracture patients with AS is posterior internal fixation [4] . This is consistent with our conclusions from these three cases.
Due to the long-term chronic inflammation and the calcification of the surrounding ligaments, the elasticity of the vertebral may decrease, and even the anatomical structure may be somewhat different. Compared with the normal vertebral, it is more difficult to insert the pedicle screws in the vertebral of AS. When placing the pedicle screws, more attention should be paid to identify the anatomical structure and it's best to successfully insert the pedicle screws the first time we try. In patients with AS and spinal fractures, the number of vertebral segments in which pedicle screws are placed is currently controversial. Kruger et al. [29] reported that only 1.8 segments above and below the injured vertebra need to be fixed and reconstructed on average, but Yeoh et al. [30] confirmed that three segments at least need to be fixed above and below the injured vertebra. Of all the 3 patients included in this study, 2 segments above and below the injured vertebra were fixed and it turned out it has a good clinic effect.
In summary, through these three patients, we believe that AS patients with thoracolumbar spine fractures should be operated as early as possible. We performed posterior pedicle screw fixation in all three patients, and fixed the two upper and lower segments of the fractured vertebral body. The follow-up proved that the effect was very good.
There are also some shortcomings in this report. The number of the reported cases is too small, and no statistical comparison have been conducted. The next study will further expand the number of cases and further compare the effects of all the surgical methods for spinal fractures with AS. 
